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Biorefining of High Acid Rice Bran Oil
S. B h a t t a c h a r y y a a n d D.K. B h a t t a c h a r y y a *
Department of Chemical Technology, University Colleges of Science & Technology, Calcutta University, Calcutta - 7 0 0 0 0 9

R i c e b r a n o i l with a high free fat ty acid content (FFA)
a f t e r degl,mming and dew,xlng can be converted into edi-
ble q u a l i t y o i l o f satisfactory refining characteristics by
first adopting the bioreflning process t o reduce t h e m a j o r

portion of the FFA by converting them into neutral
glycerides with the aid of 1,3-specific lipase u n d e r op-
t i m u m conditions and later deacidifying the residual FFA
o f t h e biorefined oil by alkali neutralization.

Rice bran oil, as obtained in commerce, varies in its free
f a t t y acid content depending on the quality of bran from
which the oil is extracted. Generally, the free fat ty acid
level varies from about 2 t o 5 per cent but oils h a v i n g high
free fat ty acid content--from about 15 per cent t o as high
as 40 per cent--are also commercially producecL The refin-
ing of high FFA rice bran oil has been accomplished by
mi.~cel]a refining (1) with single solvent-like hexaneor with
double solvent consisting of hexane and alcohol (both
ethanol [2] and isopropanol [3]), by physical refining (4)
and by their combination (4). Efforts have also been made
t o deacidify high FFA rice bran oil by reesterification
u s i n g a chemical catalyst (5). The refining of high FFA
rice bran oil by isopropanol extraction and alkali
neutralization has also been reported (6).

The unique properties of some microbial lipases t o syn-
thesize triglyceride from a fat ty acid and glycerol can be
conceived for utilization t o develop an alternative process
for deacidifying a vegetable oil. The process, in particular,
may be useful in the deacidification of high FFA vege-
t a b l e oils. The present study makes an effort t o in-
vestigate the potential of the enzymatic deacidification
process for refining high FFA rice bran oil by examina-
tion of the enzymatic esterification reaction variables like
enzyme concentration, reaction temperature and reaction
time, glycerol concentration and a m o u n t of moisture in
the reaction mixture.

This study involves the determination of free fat ty acid
with the progress of esterification reaction under different
conditions. The efficacy of the m e t h o d has been tested
in t e r m s of the refining factor when ultimately the alkali

' r e f i n i n g has been combined t o r e m o v e residual FFA.

MATERIALS A N D METHODS

Rice bran oil was supplied by K. N. Oil Industries, Rajput,
M a d h y a Pradesh. The oil was degllmmed (7) by 0.1 per
cent phosphoric acid of 85 per cent strength as 10 per cent
aqueous solution at 60°C for 30 minutes and the degum-
med oil was then dewaxed by treatment with 0.2 per cent
CaC12 in the form of 10 per cent aqueous solution at
15°C mr 4 hr (8).

The degl,mmed and dewaxed rice bran oil was enzymat-
ically deacidified by M u c o r michel lioase (Lipozyme TM)
supplied by Novo Industry DenmarK.

Refining was conducted with a different percentage of
the enzyme at different temperatures and pressures with
or without a d d i n g glycerol and with or without a d d i n g

*To whom correspondence should be addressed.

water. The reaction was also carried out at first at a t -
mospheric pressure and l a t e ru n d e r vacuum. The a m o u n t
of glycerol a d d e d was stoichiometric and a 30 per cent
excess of the stoichiometric amount. The FFA percentage
was examined(9) at different intervals of the reaction by
recovering the oil from enzyme by extraction with nor-
mal hexane and desolventizing the oil.

The biorefined oil from the optimum conditions was fur-
ther refined by a d d i n ga theoretical quantity of dilute 12o
Be' caustic soda solution at ca. 60°C.

The degummed, dewaxed rice bran oil and biorefined
oils were analyzed for FFA (9), unsaponifiable m a t t e r (10)
and color (11). The percentage of monoglcerides, diglycer-
ides and triglycerides was determined by gas liquid
chromatography (12).

RESULTS A N D DISCUSSION

The results obtained indicated that the e x t e n t of
deacidification depends mainly on the a m o u n t of glycerol,
enzyme, w a t e r and also on temperature and pres-
sure employed d u r i n g the deacidification reactions
(Tables 1-5). The data in T a b l e 1 shows that by u s i n g
stoichiometric amounts of glycerol, the FFA level
decreases significantly compared t o not u s i n g glycerol
d u r i n g the reesterification reaction. The use of excess
amounts of glycerol over the theoretical amount does not
show any improvement in the rate and degree of
deacidification.

TABLE 1

Effect of Glycerol on the Extent of Deacidification of I)egnmmed
a n d Dewaxed Rice Bran Oil in B i o r e f l n i n g Process

Reaction conditiom
i) Enzyme used--10% on the wt. of off
ii) Pressure--10 mm I-Ig
iii) Temperature--70 °C
iv) Water-10%

Glycerol used

I~vibond color
(1 cm cell)

Reaction % FFA
time in hr in off Y R

Without glycerol

Theoretical amount

30% excess on theoretical

1 2 8 . 8 - - - -
2 25.4 -- --
5 18.0 -- --
7 18.7 -- --

10 19.8 14.2 2.8

1 10.8 -- --
2 8.5 -- --
5 4.7 -- - -
7 3 . 6 - - - -

i 0 3.6 9.0 2.2

1 1 0 . 7 - - - -
2 8.1 -- --
5 4.1 -- --
7 3.8 -- --

i0 3.6 12.0 2.0
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U n d e r t h e o p t i m u m c o n d i t i o n s o f e s t e r i f i c a t i o n , t h e D G b u t o n l y a b o u t 5 3 p e r c e n t T G , w h i c h i s s i g n i f i c a n t l y
d e a c i d i f i e d oil s t i l l c o n t a i n s 3.6 p e r c e n t F F A , 1.3 p e r c e n t l e s s t h a n t h e b i o r e f i n e d s a m p l e . T h i s o b s e r v a t i o n t h a t t h e
m o n o g l y c e r i d e s ( M G ) , 12.8 p e r c e n t d i g l y c e r i d e s ( D G ) a n d F F A h a s b e e n c o n v e r t e d i n t o m o s t l y T G is h i g h l y
8 0 . 3 p e r c e n t t r i g l y c e r i d e s (TG) ( T a b l e 6). T h e oq ~ n n a l
c r u d e o'fl c o n t a i n e d 3 0 ~ n t F ~ r ~
f i a b ' r 6 ~ a t t e r an-d-6e~ly--fh'-~ S a r e e am6"6ht o f M G ancl e T A B L E 4

T A B L E 2

Effect of Enzyme on t h e Extent of Deacidification of D e g u m m e d
and Dewaxed Rice Bran Oil

Condition:
i} Glycerol--theoretical a m o u n t

ii) Temperature--70 °C
iii) Pressure--10 mm H g
iv) Water--10% on the wt of enzyme

Reaction % F F A
Amount of enzyme u,,~t t ime in hr in oil

Lovibond color
(1 cm cell)

Y R

5 % 1 1 2 . 6 - - - -

2 9 . 2 - - - -

5 6 . 4 - - - -

7 5 . 8 - - - -

I0 5 . 4 1 2 . 2 2 . 6

10% 1 1 0 . 8 - - - -

2 8 . 5 - - - -

5 4 . 7 - - - -

7 3 . 6 - - - -

1 0 3 . 5 9 . 0 2 . 2

15% 1 1 0 . 7 - - - -

2 8 . 2 - - - -

5 4 . 8 - - - -

7 3 . 8 - - - -

i 0 3 . 6 1 0 . 0 2 . 2

Effect of P r e s s u r e o n t h e E x t e n t of Deacldifieation of De~,,~nm~:l
and D e w a x e d Rice Bran Oil

Condition:
i) Glycerol--theoretical amount

ii) Enzyme--10% on the wt of oil
iii) Temperature--70°C
iv) Water--10% on the wt of enzyme

Pressure

Lovibond color
(1 cm cell)

Reaction % F F A
time in hr in oil Y R

Atmospheric

30 mm H g

10 mm H g

1 18.9 -- - -
2 15.6 -- --
5 10.7 - - --
7 8.4 -- --

10 8.2 12.8 2.5

1 15.1 -- - -
2 10.8 -- --
5 6.2 - - --
7 5.2 -- --

10 4.7 10.8 2.2

1 1 0 . 8 - - - -

2 8 . 5 - - - -

5 4 . 7 - - - -

7 3 . 6 - - - -

I 0 3 . 5 9 . 0 2 . 2

T A B L E 5

E f f e c t of T e m p e r a t u r e o n t h e E x t e n t of Deacidlfication
of Deg .mmed and D e w a x e d Rice Bran Oil in Biorefinlng Process

T A B L E 3

E f f e c t of Water on t h e E x t e n t of Deacidification of Degummed
and D e w a x e d Rice Bran Oil

Condition:
i) Glycerol--theoretical amount

ii) Enzyme--10% on the wt of oil
iii) Pressure--10 mm H g
iv) Temperature--70°C

W a t e r u s e d
Reaction % F F A

time in hr in oil

Lovibond color
(1 cm cell)

Y R

Condition:
i) Glycerol--theoretical amount

ii) Enzyme--10% on the wt of oil
iii) Pressure--10 mm H g
iv) Water--10% on the wt of enzyme

Temperature
i n C

Reaction % F F A
time in hr in off

Lovibond color
(1 cm cell)

Y R

5 0 1 1 4 . 7 - - - -

2 1 2 . 0 - - - -

5 8 . 8 - - - -

7 8 . 2 - - - -

1 0 7 . 9 1 3 . 4 2 . 5

Without w a t e r

10% on the wt of enzyme

1 1 2 . 0 - - - -

2 1 1 . 6 - - - -

5 6 . 9 - - - -

7 4 . 5 - - - -

I 0 4 . 6 1 2 . 0 2 . 4

1
2
5
7

10

10.8
8.5
4.7
3.6
3.5 9 . 0 2 . 2

7 0

8 0

1 1 0 . 8 - - - -

2 8 . 5 - - - -

5 4 . 7 - - - -

7 3 . 6 - - - -

I 0 3 . 5 9 . 0 2 . 2

1 1 5 . 1 - - - -

2 1 4 . 3 - - - -

5 8 . 8 - - - -

7 6 . 9 - - - -

1 0 5 . 0 1 0 . 0 2 . 3
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TABLE 6

Characteristics of Crude and Ref'med Rice Bran Oil Samples

Lovibond color
~1 cm cell)

FFA Unsap. MG DG TG
% % % % % Y R

Crude rice
bran oil 30.0 4.0 1.2 12.5 53.3 27.0 4.0

Biorefmed
oil 3.6 2.0 1.3 12.8 80.3 9.0 2.2

Biorefined
and alkali
refined
oila 0.1 2.0 1.0 12.5 84.0 5.0 0.6

aRefining factor of the oil is 1.2.

encouraging. The reaction has occurred either between
the glycerol used and the FFA or between the DG and
the FFA. Quite likely both of the two esterification reac-
tions have t a k e n place simultaneously because the DG
content in the crude and the biorefined sample is nearly
the same and the TG content in the refined sample is
significantly increased.

The combined biorefining and alkali refining process
compares well in t e r m s of refining factor and color with
the miscella refining process r e g a r d i n ghexane (1) and a
hexane-alcohol m i x t u r e (2) as shown previously in our
laboratory and is by far superior t o the combined physical
refining and alkali neutralization process investigated by
the authors in respect t o the refining characteristics. The
refining factor includes the t o t a l per cent loss of oil from
the s t a g e s of biorefming and alkali refining divided by
the FFA of the c r u d e oil.

The overall results obtained in the present study and
the fact that the energy required is much lower compared

t o other processes can suggest that high FFA rice bran
oil can be refined with a high degree of economy by a com-
bination of enzymatic deacidification and a lka l i
neutralization.
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